Abstract-The City Hall of Mirandola was stricken and damaged by Emilia-Romagna earthquake sequence of May 2012. The research suggests solutions for the rehabilitation of a masonry historic building that presents a serious damage pattern. The solutions includes the base isolation of the global structure. Through the historical analysis, the damage survey and the mechanisms analysis were defined the macro-structure of the palace. Subsequently, was generated different configurations based on the aggregation or separation of the five macro-structure identified. The separation of these proposed projects is done through the use of seismic isolators and dampers. It was carried out a simplified finite element model and the linear elastic dynamic modal analysis was performed to evaluate the main modes of vibration of each configuration, which correspond to the higher values of percentage of participating mass. Finally a response spectrum analysis was performed with the use of data of the earthquake of 29 May 2012. It going to evaluate the seismic behavior of all the configurations.
I. INTRODUCTION
Concern has grown in the last years in Italy about the assessment of preservation state of monuments and historic town centers, due to the presence of a rich historic-architectural heritage which must face a multiplicity of risk factors due to extreme actions or degradation processes generated by natural or human actions [1] . The historic-architectural heritage in seismic zone is mainly focused on, especially after the last severe earthquakes. Awareness is also growing in zones of relatively low seismic risk, where there is a need to extend the knowledge of historic buildings in order to check the current state of preservation and set up ad hoc guidelines for maintenance. In fact, the available information on buildings and structures of great historic-artistic importance can be scanty or inaccurate due to the lack of documentation about construction phases and past interventions [2] - [4] .
Computer-based structural control techniques are now a well-known resource for the preservation of cultural heritage Manuscript buildings; in such cases, data acquisition from remote is especially suitable for long-term monitoring of static and dynamic structural parameters [5] , [6] . Cultural heritage buildings are unique and sensitive assets, especially where critical conditions of damage or decay are present; the advantages of this kind of monitoring must thus be exploited with programs designed for the specific case. Modal identification techniques are used to estimate the dynamic properties of a structure based on experimental data. This technique has gained significant importance because it is an important step for model updating techniques, structural health monitoring [7] - [9] and damage prognosis.
The rehabilitation of the historic construction it is very sensitive. Unfortunately, in the recent past have been made invasive interventions with unsuitable materials such as the recent interventions found in the subject of this research. Nowadays, the expert pay more attention to this issue and trying to use innovative materials lighter [10] - [12] .
II. MIRANDOLA"S EARTHQUAKE
The Emilia-Romagna has been subject to an important seismic sequence in May 2012, a powerful quake of magnitude 5.8 Ml and depth of hypocenter 9.6 km was recorded at 09:00:03 on 29 May 2012. The epicenter was in the Medolla and Cavezzo in the province of Modena.
Each component of the waveform of the earthquake was registered at the Mirandola"s station. In Table I have been reported the principal values of the accelerograms, in detail the values of local magnitude (Ml), of depth, of distance from epicenter and of the maximum PGA (peak ground acceleration) recorded for each components (N-S, E-W and UP). The direction of maximum compression in place that is approximately the direction north-south. Observing the horizontal components of motion (Table I) (Table I) . The damage surveys of the palace confirm that the larger displacements of the entire building have occurred along the x axis ( Fig. 1 ).
III. BUILDING DESCRIPTION AND DAMAGE SURVEY
The City Hall is a masonry historic building that lies in the center of the city of Mirandola (Fig. 2 ). The first building was expanded in the north part in 1468 with a Renaissance style part overlooking Piazza Mazzini and in 1748 was added a loggia in the south side ( Fig. 1) . At the end of the nineteenth century the building was restored and the loggia was completely destroyed and rebuilt. The earthquake has severely affected the structure. The loggia has been a northward shift that resulted in the posting of this part from the main volume. The back wall has many vertical cracks that indicate a crushing of the masonry due to the stress of the overlying loads (a heavy steel cover"s structure of a recent restoration) that have gone to weigh in this longitudinal wall. The columns of the loggia have well reacted to the seismic action. The side arches of the loggia present cracks in the cornices due to the displacement along their main axis (x) (Fig. 1 ) which led the formation of hinges.
The main room 'Sala Granda' has suffered several cracks, particularly along the shorter side walls. Observing Figure 3 the trend of the crack is visible inclined, it propagates from the opening of the shorter side wall up to the facade. The displacement of the greater mass of the entire building to the north has caused an overturning mechanism of the facade. The volume of the important staircase presents a very serious crack pattern (Fig. 4) , the lesions were detected particularly along the longer sides on the east and west probably because the higher NS seismic component caused larger displacements of the entire building along the x axis (Fig. 1) . The collapse of the plaster in some areas of the perimeter walls allows us to analyze the texture of the walls and conseguently of the crack below. The presence of multiple lesions 45 ° inclined, often by sliding joints suggest a collapse of shear type. Some lesions very deep propagate throughout the height of the volume. The main volume presents serious cracks that have occurred in the centrepiece and in the bearing wall. The main structure has full-height vertical and diagonal cracks induced by compression and buckling.
IV. SEISMIC PERFORMANCE IMPROVEMENT OF THE PALACE
The Italian Guide Lines for the assessment and mitigation of seismic risk of cultural heritage [13] give directions for the evaluation and mitigation of seismic risk to cultural heritage.
These rules, generally regard the individual parts of the structure, trying to avoid altering the original distribution of the mass and stiffness. Some of the elements present in the palace suffered many invasive restorations that have worsened the seismic response.
In front of the devastating seismic response of the building have emerged questions: why continue to make it more rigid and heavy construction when this has already led to severe damage? Why do not choose instead the lightness and elasticity, even in historic buildings as is usual in new buildings? (Fig. 5) Frank Lloyd Wright "An American Architecture" in 1955, referring to the Imperial Hotel in Tokyo, built by him in 1920 and withstood numerous earthquakes, wrote: "We solved the problem of the menace of the quake by concluding that rigidity couldn't be the answer, and that flexibility and resiliency must be the answer … Why fight the quake? Why not sympathize whit it and out wit it?"
As for the light, the proposal is to replace the steel beams of the roof and the floors structures with pultruded beams, fiber-reinforced composite material that weighs 80% less than steel with the same strength. Have been calculated the loads of a floor with steel beams and brick of the city hall, equal to 2.96 KN/m 2 . This result was compared with those of a floor in pultruded beams, equal to 1.4 KN/m 2 , demonstrating a decrease of more than 50% in exchange of only a slight variation in the package thickness of 5 cm (Fig.  6) . It is important to remember that the town hall was the result of the aggregation of several structures, hence the idea to ensure that these masses have the ability to move separately rather than working as a rigid box.
It is therefore proposed to separate and reconnect through the damper the different masses (Fig. 7) , so try to dampen the vibrations and ensure that the bodies move separately without damage, or at least lessening the severity of the cracks. Thanks to an in-depth historical analysis, to the analysis of the damage survey and the failure mechanisms, it was possible to identify the macro-structure that constitute the palace. Subsequently, different possible configurations are then generated based on the aggregation or separation of the five previously identified masses.
Were therefore hypothesized different configurations: a single mass, regarded as stiffening of the global construction and its subsequent isolation at the base (Fig. 8) , two masses, respectively, going to isolate the North loggia, the staircase or the roof, three masses and finally to four masses, so considering all of the macro-structures separated. It was made a selection of these configurations based on the previous analysis.
With reference mainly to the analysis of the damage were examined four of the proposed project alternatives, in which the separation through seismic isolators and dampers, of the masses would lead to a different seismic response of the palace (Fig. 9) . For each proposed intervention was analyzed the eccentricity between the center of gravity of the masses and center of stiffness, which revealed that the lowest value is obtained with the base isolation of the global structure or with the separation of the staircase from the rest of the structure.
It was then carried out a dynamic analysis, linear elastic, on a simplified finite element model of the city hall.
The elastic moduli and the geometry were assigned to each horizontal and vertical elements of the FE model, which represents the state of the structure before the earthquake.
The dynamic modal analysis was performed to evaluate the main modes of vibration of each configuration, which correspond to the higher values of percentage of participating mass.
In the initial configuration is considered a perfect fit to the base while the one with the isolation at the base of the joint has been replaced with springs in the three directions, whose stiffnesses were redefined in order to reach those of the perfect fit and then cut by 50%.
The outcome of the analysis of the frequencies of the structure in its different configurations, it is possible to observe constancy in the values for the three alternatives (Fig. 10 ). The initial configuration presents the first frequency of 3.453 Hz, a value that can be considered acceptable compared with that resulting from the identification test conducted on the data collected by the structural monitoring, completed in the months after the earthquake, which is equal to 2.73 Hz. Finally, it is possible to confirm that the first configuration, as expected, is characterized by a strong reduction of frequencies, due to the isolation at the base.
As regards the main displacements, corresponding to the three bodies analyzed, occur in the Y direction, mostly concentrated in the upper part of the city hall in the North facade and in the floors in contact with the structure of the staircase (Fig. 11) .
Subsequently, we analyzed the structure subjected to earthquake ground motion generated by the directions of the North-South and East-West of the earthquake of 29 May 2012, going to evaluate the outcomes of the displacements in the X and Y (the horizontal direction of the earthquake) in the three points of the model, in all the different configurations.
The results show that the critical part of the structure with the larger displacements appears to be the north face at the level of the "Sala Granda", supported only by marble columns. This is not found in the configuration with three masses with separation staircase and loggia, which, however, presents a high stress concentration on the part of the wall in contact with the roof (Fig. 12) . 
V. CONCLUSION
From the graphs of the displacements (Fig. 13, Fig. 14) can be seen that: 1) Base isolation obviously involves higher values compared to the initial configuration as isolators change the constraint on the floor of the palace and then allow a lower transmission of acceleration in both directions, and therefore less stress; 2) In the X direction will generally have smaller displacements as the structure is more rigid than the action in the Y direction; 3) In the X direction higher displacements are obtained for configuration with three masses, in detail with the separation of the staircase and the loggia, because it offers lower inertia and because the displacements are amplified by torsional effects activated by the asymmetry in the plan; 4) In the Y direction the volumes of the different configurations have displacements consistent with each other;
In addition, was performed of the shear stress analysis in the plane of the masonry perimeter walls at 1 m from the ground in axis with respect to the three bodies considered in the previous analysis.
The graph (Fig. 15) shows that: 1) Data derived from the analysis of the stresses in cutting plate confirm the considerations made for the move; 2) The four different configurations cut down about 40% of the base shear stresses to the structure's city hall and the loggia, and 20-25% of those of the staircase; 3) The solution of the base isolation is the best, major shifts correspond to less stress for the isolated structure to the ground; 4) The separation of the gallery or the roof, compared to only staircase leads to a slight decrease in shear stress, although the result is not decisive for the choice of the most advantageous proposal.
Finally, it possible to confirm that the best solution appears to be the base isolation; alternatively leads to advantages although the configuration consisting of three masses staircase, hall and also with the separation of the loggia. With this research it was shown that it is probably better to change the ordinary process of approach to these issues, or at least introduces some innovative features, to get better results both in emergency management, both in the reconstruction and retrofitting of buildings.
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